Abstract
Introduction

26
Better constraints on the make-up of the deep mantle are needed to advance our 27 understanding of the differentiation and secular evolution of our planet (cf. Boyet and Carlson, from both lateral side boundaries, a Gaussian thermal anomaly of half-width r P (see Table 1 ) and 116 amplitude of +300 K is imposed to supply a plume at the base of the model. Upward flow of 
120
In the core of the plume, a cylinder of radius r E is taken to contain eclogite (Fig. 4) . The 121 radius of this cylinder r E = 1.2r P in most models, except for case S2, in which r E = 100 km ≈ 122 1.33r P (cf. Table 1 ). The imposed initial volume percent of eclogite within the cylinder is Φ ECL,SW 123 on the southwestern (SW) side of the plume and Φ ECL,NE on the northeastern (NE) side, both 124 varied for different models between 8% and 16% (cf. Fig. 4 ). With plate motion parallel to the x-125 direction, the y-direction is NE-SW. In symmetric cases S1-S2, the imposed distribution of In contrast to the eclogitic core (r ≤ r E ) of the plume, the relatively cool plume outskirts (r > Including eclogite in the models impacts the results both through the associated variations in 144 the mantle density due to solid phase changes and melting (Fig. 2) , as well as the expression of Appendix. Model parameters are listed in Table 2 .
159
Following Ballmer et al. (2010, 2011; 2013) , the predicted volumetric fraction 
Results
176
The models are relevant to the Hawaiian hotspot in that their predictions are consistent with 177 key observations. In all our models (cf. wide and ~150 km thick (Fig. 5) , which we refer to as the deep eclogitic pool (DEP).
218
For example, in cases S1-S2, the eclogitic plume core (originally 15% eclogite) has a net Table 1) that are similar to those of case Z3, and therefore generally behave similarly to that in 306 case Z3. However, they display greater cross-chain variations in initial eclogite contents (Table   307 1). As the thermal-filter effect is greater, the proportion of the less eclogitic (NE) relative to the (Fig. 7) . Accordingly, the offset between the peak temperature and the peak upwelling 314 rate increases from cases Z3 (~15 km) to Z5 (~40 km).
315
In contrast to cases Z3-Z5, cases Z1-Z2 do not display significant thermal asymmetry of the and any thermal asymmetry of the shallow plume conduit relative to the peak upwelling rate (and 322 hence hotspot center) is minimal (Fig. 7 ).
323
For a non-zoned plume, any thermal asymmetry across the shallow plume conduit would 324 have to be explained by entirely different mechanisms than those described above, as the make-325 up of the deep plume stem in these cases is axisymmetric (with 15% eclogite throughout the 326 plume core). While case S1 displays only very minor thermal asymmetry of the shallow plume, 327 case S2 displays strong asymmetry -both across the DEP and the shallow plume (Figs. 5-7). In 328 both cases, the DEP is strongly negatively buoyant (average buoyancy is about -10 kg/m 3 , cf.
329 Table 1 ) and is again prevented from sinking down into the lower mantle by the rise of the deep 
Melting dynamics and its expression in volcanism 368
In our models, a combination of thermal asymmetry across the melting zone and do not develop a broad DEP, and thus cannot explain the seismic structure imaged by the 379 PLUME regional seismic tomography (see next section).
380
The relationship between magma and plume-stem make-up differ for the compositionally-381 zoned cases which do produce a DEP (Z3-Z5). These are the cases with strong thermal 
388
In case Z4, for example, the shallow thermal asymmetry consequently leads to a more-or-less 389 symmetric distribution of X PX across the main melting zone thus completely obscuring the 390 bilateral asymmetry in the composition of the plume conduit (Fig. 8f, Table 3 ). In cases Z3 and 391 Z5, the effect of thermal asymmetry on melting dynamics even reverses the sense of bilateral 392 asymmetry in magma composition compared to the plume's compositional zonation (Figs. 8e,g ).
393
In case Z3, the average X PX is greater on the NE side with X PX,SW -X PX,NW = -1.2% despite the fact 
408
The difference in average X PX between the two sides (i.e., X PX,SW -X PX,NE) ranges between ~0.6% 409 and ~6.8%. Case S1 with near-symmetric temperatures in the shallow plume instead does not 410 display significant asymmetry in X PX across the hotspot (Fig. 8a, Table 3 ). showed that our case S1 can provide a much better explanation for the station-averaged, shear-
440
wave arrival times measured during the seismic PLUME experiment than the reference thermal 
452
On a more detailed level, the predictions of the subset of our models with a DEP also appear 453 to be in good agreement with the specific structures resolved by joint tomography. In terms of its 454 lateral extent, the predicted body of seismically slow material (i.e. DEP) in a subset of our 455 models (especially, S1, S2, Z3-Z5) is consistent with observations (dashed ellipses in Fig. 9 and   456 3e), albeit displaced eastward. The presence of short-wavelength, seismically fast structure 457 within the DEP, as predicted by cases S2 and Z5 (Figs. 9c, 9h) , is also generally consistent with 458 observations (cf. Fig. 3e ). These first-order agreements between predictions of simplified 459 geodynamic models and geophysical constraints are indeed encouraging. 
Discussion
462
In our geodynamic study, we find three different scenarios for geographic variations in the 
473
Of these three scenarios, only scenarios 2 and 3, which include a DEP, are applicable to Kea and Loa trends. In both scenarios 2 and 3, the low-X PX side of the melting zone is predicted 480 to be hotter (thus peridotite melts to higher extents) than the high-X PX side. As Kea-type lavas are 481 thought to be influenced less by mafic melting than Loa-type lavas (i.e., X PX,SW > X PX,NE (Sobolev on that in eclogite content across the plume stem.
503
Constraining the make-up of the plume stem feeding into the DEP will serve to improve our shown in (i) corresponds to that in Figure 6g ; the snapshot shown in (j) corresponds to that in 677 Figure 6h . Averages of X PX for each side of the hotspot are reported in Table 3 . Mantle density varies as a function of temperature, composition and melt content: 
